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3,075,075 
GAS-ANALYZNG METES ANE) APPARATUS 

Karl Georg (Ginier, Naraberg, Geriaay, assigner to 
Siemens-Schackertwerke Aktiengeseischaft, Berlisi 
Sieriesstadt, Gergaay, a corgeoiation of Geralasia; 

Filed Dee, i, 1959, Ser. No. 359,038 
Claims priority, application (Gesnaily Dec. 2, 958 

9 Caims. (C. 250-$2.9) 

My invention relates to a method and apparatus for 
analyzing gaseous substance with the aid of a mass Spec 
trometer or isotope separator of the type generally known 
from German Patent 944,900, June 28, 1956, or the 
corresponding U.S. patent application Serial No. 476,812, 
filed December 21, 1954, and also disclosed in the co 
pending application of W. Paul et al., Serial No. 732,838, 
filed December 24, 1958, U.S. Patent 2,950,389, Serial 
No. 476,812, issued as U.S. Patent 2,939,952, June 
7, 1960. 
According to these prior disclosures, a separation of 

ions having respectively different specific electric charges 
is effected by shooting the ions into a periodically vari 
able electric field whose electric potential p is a square 
function of the space coordinates x, y, z, and has the gen 
eral form 

wherein f(t) is any desired periodic function of time 
(t) and cy, 6, y are constants satisfying the equation 
ce--g=y. Under these conditions, the ions in the periodic 
field travel either on stable or on instable paths depend 
ing upon their specific charge and thus are directed to 
Separate electrodes. Specific charge means the ratio 

Electric charge 
Mass of particle 

as evidenced in the German Patent 944,900. The refer 
ence disclosures describe different special cases as regards 
the configuration of the electric field, including a cylin 
der-symmetrical field in which the electric potential p 
has the form: 

U-V sin ci af2-2 
e=title. (2) 

The term ' signifies the shortest distance of the elec 
trode from c-axis (field radius). Formula 2 corresponds 
to Formula (a) of German Patent 944,900. 
As defined in said copending application Serial No. 

782,838, U-the direct voltage, and V-the high fre 
quency amplitude, applied as explained beiow. 

Electrode arrangements for satisfying the foregoing re 
quirements are described and their properties are dis 
cussed in the reference disclosures. 

It is an object of my invention to provide a reliable 
method and apparatus for performing gas analyses on 
mass-spectroscopical principles in a simpler manner than 
by the mass spectrometers heretofore used for such pur 
poses. More particularly, it is an object of my inven 
tion to devise a relatively simple mass spectrometer de 
vice for the measuring or supervision of degassing and 
drying processes in vacuum for technological purposes, 
Such as the manufacture and operation of industrial vacu 
um devices. 
According to my invention, such gas analyses in vac 

uum are performed with the aid of a mass spectrometer 
generally of the type described in the above-mentioned 
prior disclosures, but provided with a cold ion source 
and having a housing with a gas inlet duct for connec 
tion to the vacuum space under observation. The cold 
ion source may be of the high-frequency type. How 
ever, according to another, preferred feature of the in 
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vention, the cold source is an ion gun designed and op 
erating in accordance with Penning's oscillatory electron 
principle. Regardless of the particular cold ion source 
employed, the invention further requires that the ion 
travel distance within the periodic electric field be Sub 
stantially in accordance with the mean free path of the 
ions within the working pressure range of the mass filter. 
The dimensioning or operation of the cold ion source is 
to be such that the ions enter into the periodic electric 
eld at such a speed that the number of possible oscilla 

tions of the ions in the periodic electric field is at least 
approximately equal to 3.5 times the square root of the 
spectroscopic resolving power required. In order to 
avoid falsifying the measuring result, the cold ion source 
is to be designed and arranged in such a manther that no 
faster ions are shot into the periodic electric field. This 
can be secured, for example, by preventing the electrodes 
of relatively high potential from acting upon the outlet 
opening of the ion gun. 
As mentioned, apparatus according to the invention 

are particularly well suited for supervision of degassing 
and drying processes in vacuum, in many fields of tech 
nology. For example, the apparatus is Suitable for 
measuring and supervising the vacuum employed in the 
manufacture of electric capacitors and electric cabies. 
Many other vacuum degassing processes, for example the 
degassing or electron-tube components and neiai meits, 
require a continuous Supervision which can be advan 
tageously carried out with apparatus of the invention. 
Such apparatus are further applicable for measuring and 
continuously supervising the tightness of vacuun equip 
ment, with great accuracy and with a relatively Small 
expenditure. 

While mass spectrometers have been previously en 
ployed for performing gas analyses in technological proc 
esses, the spectrometers heretofore available for Such pur 
poses require great expenditure in respect to Space and 
material and can be used only for high-vacuum purposes 
at pressures below 105 mm. Hg. Mass filters of the type 
described in the above-mentioned prior disclosures are 
considerably simpler than those previously known; and 
the present invention further improves Such mass filters 
toward attaining a considerable simplification in the Super 
vision of technological vacuum processes and for use 
with vacuum pressures within a mich wider range, in 
cluding higher pressure values than heretofore amenable 
to mass-spectrometric methods. 
The invention will be further explained with reference 

to the embodiments of gas-analyzing devices according 
to the invention illustrated by way of example on the 
accompanying drawings, in which: 

ifiG. 1 shows schematically a gas-analyzing device. 
FIG. 2 is a longitudinal sectional view of a somewhat 

modified device. 
FiG. 3 is a cross section along the line -i in FG, 2. 
FIGS. 4 and 5 are a longitudinal section and a cross 

section of an ion source applicable in devices according 
to FGS. 2 and 3, the section being along the line W-V 
in Fig. 4. 

FIGS. 6 and 7 show schematically two respective em 
bodiments of complete vacuum apparatus equipped with 
a gas-analyzing device according to the invention. 
The housing of the device shown in F.G. 1 is es 

sentially composed of three flaged-together portions sa, 
Eb and ic. The housing portion ia has a duct Ed for 
cornection to the vacuum space, and accommodates a 
cold ion source 2 of the Penning type. Such ion sources, 
operating on the oscillating-electron principle, are known 
as such, for example from Encyclopedia of Physics, edited 
by S. Fligge, volune XXXIII, Optics of Corpuscles, 
1956, pages 82 to 87. The particular source 2 shown in 
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FIG. 1 comprises a tubular anode 2a spaced and insulated 
from two coaxially aligned cathodes 2b, 2c which are elec 
trically interconnected. The space between the two cath 
odes is Subjected to the magnetic field of a permanent 
magnet N-S. When a potential, for example of --1000 
volts, is applied to the anode 2a relative to the cathodes 
2b and 2c, the electrons from cathode 2b are accelerated 
toward the anode but the magnetic field forces the elec 
trons in the center to follow the direction of the field and 
to pass entirely through the tubular anode to the vicinity 
of the other cathode 2c which repels the electrons so that 
they return toward the first cathode 2b where they are 
again repelled, and so forth. If such an oscillating elec 
tron collides with a gas molecule, it may ionize that 
molecule by knocking out another electron which then 
contributes to sustaining the ionizing operation. The ions 
are drawn out of the anode space through an opening in 
cathode 2c by the action of an accelerating plate 2d and 
a collinnating or focussing plate 2e. The ion beam then 
enters through the opening of a diaphragm plate 3 into 
the middle housing portion b. - 
Mounted in housing portion b is a group of sym 

metrically distributed electrodes 4 for producing the cylin 
der-symmetrical periodic electric field. Preferably used 
are four electrode rods of circular cross section which ex 
tend longitudinally of the housing in parallel relation to 
the center axis and are uniformly distributed about that 
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axis. The end portion 1c of the housing comprises a field 
exit diaphragm 5 and a collector electrode 6 which collects 
the impinging ions. Terminal connections for the elec 
trodes 4 are shown schematically at 7. 

During operation of the device, a sinusoidal voltage of 
high frequency and a superimposed direct voltage are im 
pressed upon the electrodes 4 to produce an electric peri 
odic field in accordance with the above-stated condition 
(2). As a result, there is a stable range in which the 
oscillation amplitude of ions of a given electric charge 
does not exceed a given maximum value. Hence, only 
such ions can pass from the ion source 2 between the elec 
trodes 4 to the collector electrode 6. The other ions, 
having different electric charges and performing instable 
oscillations after entering the periodic electric field, as 
Sume oscillation amplitudes of such large magnitude as to 
impinge upon the field electrodes 4. Due to the above 
mentioned dimensioning rule for the ion travel distance 
between source and collector, the mass filter is directly 
applicable up to pressures of approximately 10 mm. Hg. 
This requires giving the field-electrode rods 4 a length of 
10 to 20 cm. The provision of a cold ion source is an 
essential prerequisite for suitability of the device up to 
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50 pressures of approximately 10 mm. Hg. Ion sources 
with incandescent cathodes, as generally used in mass 
spectrometers, would rapidly burn through at these high 
preSSures. 

However, a device according to the invention is also 
applicable for still higher pressures, if a throttle passage 
is interposed between the container for the gaseous sub 
stance to be tested, and the duct portion of the housing 
through which the vacuum space in the housing com 
municates with that of the gas-container. In addition, an 
auxiliary vacuum pump must be connected with the 
vacuum space in the spectrometer housing as will be fur 
ther described below with reference to FIG. 7. 
The use of relatively short field electrode rods requires 

adapting the entering speed of the ions accordingly. This 
is because a sufficient mass separation can be obtained 
only if the ions in the periodic electric field can perform 
a sufficient number of oscillations. For that reason, the 
number of these oscillations must be at least equal to 3.5 
times the square root of the required mass-spectroscopic 
resolving power. As in the method according to the ap 
plication Serial No. 476,812 (U.S. Patent 2,939,812), the 
resolving power is defined by the ration/Ann, wherein in 
is the mass of the ions to be collected and Am is the mass 
difference relative to the other ions which can still be 
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4. 
separated from those to be collected, For example, if a 
resolution of 50 is required, the above-mentioned condi 
tion requires that the shooting-in speed of the ions must 
be so rated that the ions can perform at least 25 oscilla 
tions while passing through the electric periodic field be 
tween the electrodes 4. It may be mentioned that gas 
collisions in the electric field have relatively slight effects 
because of the focussing of the field. 

In a device according to the invention, the total travel 
ling path of the ions is kept as small as feasible. This is 
particularly important with respect to the distances be 
tween the ion source and the field-electrode rods, and 
the distance between the field rods and the collector elec 
trode, because no focussing forces are active at these loca 
tions. As a result, the collision losses are reduced con siderably. 
The device described above with reference to FIG. 1, 

is shown more realistically in FIGS. 2 and 3, the same 
reference characters being applied to corresponding ele 
ments respectively. The four electrodes 4 are spaced from 
each other a distance about equal to the electrode diam 
eter. The electrodes are held in fixed position by insulat 
ing spacer discs 4a of ceramic material and are preferably 
adjustable. The direct and alternating voltages required 
for producing the electric field between the electrodes 4 
are supplied thereto by terminals 7 which are located in 
housings 7a vacuum-tightly connected with the housing 
portion b by means of screw caps 7b. The collector elec 
trode 6 is shown grounded through an external resistor 11, 
The voltage drop of resistor 3 due to the discharge cur 
rent from electrode 6 to ground is measured by an instru 
ment 12 such as a voltmeter or recorder. The diaphragms 
3 and 5 shield the ion source and the collector electrode 
from the high-frequency field between the electrodes 4. 
As mentioned above, those ions that are excited by the 
high-frequency field to oscillate along their trajectory with 
unlimited amplitudes, cannot reach the collector electrode 
6 but impinge upon the field electrodes 4. 
The housing portion 1a of the device shown in FIGS. 2, 

3 may be provided with an ion source as shown in FIG. 1. 
A somewhat modified source, also of the Penning type, is 
illustrated in FIGS. 4 and 5 where the same reference 
characters as in FIG. 1 are used for respective correspond 
ing elements. The tubular anode 2a of the ion source has 
a slot 2f through which the ions are withdrawn radially of 
the cylindrical anode-space. 
AS mentioned, when the device is in use, the connecting 

duct d, shown in FIG. 6 at a somewhat different loca 
tion, forms a communication with the vacuum vessel 20 
under observation. According to FIG. 6, the ion source 
2 is connected to a unit 21 which has terminals 22 for 
connection to a utility power line and which supplies the 
necessary direct voltage, for example of 1000 volts, to the 
ion source. The unit 21 is shown to be provided with an 
instrument 23 for indicating or recording the total ion 
flow of the source or the proportional total gas pressure at 
the source. The field electrodes 4 receive alternating volt 
age from a high-frequency source 24 whose frequency is 
adjustable as schematically represented by a variable tun 
ing capacitor 25. Superimposed upon the high-frequency 
voltage is a direct voltage of adjustable magnitude. This 
is schematically represented by direct-voltage source 26 
and a voltage-adjusting rheostat 27, although it will be 
understood that the direct-voltage component of the elec 
trode voltage may be produced by rectifying an adjustable 
share of the alternating voltage as is explained in the 
above-mentioned copending application Serial No. 
782,838. The collector 6 is connected to an amplifier 28 
which operates a recording microampere meter 29 for in 
dicating the separated ion flow, or the partial gas pressure 
proportional to that flow. 
When using the device, it is to be adjusted to the mass 

of the particular molecule to be ascertained. For exam 
ple, when supervising a drying process, the device is ad 
justed to the mass 18 of the water (steam) molecule. The 
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intensity of that particular mass is observed on recorder 
29 as a function of time. The stabilization to a given mass 
value is effected by the corresponding choice of the high 
frequency or high-frequency amplitude and the voltage of 
the superimposed direct field. The ions of this stabilized 
mass value impinge upon the collector and are measured 
with the aid of the microampere meter. For supervision 
of degassing operations, the high-frequency voltage can 
be varied within certain periods of time in order to make 
the device responsive to the entire mass spectrum. When 
employing the device as a detector for leaks in vacuum 
vessels, the field frequency is analogously adjusted to the 
mass of the test gas being used. 
As mentioned above, a device according to the inven 

tion can be used for vacuum pressures above 10 mm. 
Hg by interposing a throttle passage between the mass 
filter and the vacuum vessel, and maintaining the proper 
pressure in the mass filter by means of an auxiliary pump. 
FIG. 7 shows such a throttle passage at 26a in conduit d. 
Connected to the housing of the mass filter is a diffusion 
pump 3 and a prepump 32, both cooperating to keep the 
vacuum pressure in housing sufficiently low and propor 
tional to the pressure in the vacuum vessel 20. In all 
other respects the apparatus shown in FIG. 7 is equipped 
and operated as described with reference to FIGS. 1 to 6. 

I claim: 
1. Mass-spectroscopical gas analyzing apparatus, for 

separating ions of respectively different specific electric 
charges, by causing ions to assume oscillations having 
amplitudes correlative with their specific charges; com 
prising a structure providing an evacuable chamber and 
having a duct for communicating said chamber with a 
vacuum space under observation; a cold-type ion source 
operating on the oscillating-ion principle; Said source 
comprising a magnetic field device, a hollow anode in 
said magnetic field, and opposed cathodes between which 
the anode is located; a collector electrode spaced from 
said ion source in said chamber; a group of field elec 
trodes extending lengthwise in said chamber between said 
source and said collector electrode in symmetrical and 
radially spaced relation to the common axis thereof, the 
field electrodes being adapted for producing a cylinder 
symmetrical electric field; and electric-field excitation 
means connected to said field electrodes for supplying a 
component direct voltage and a component high-frequency 
voltage of adjustable frequency, to provide a resultant 
cylinder-symmetrical electric periodic guiding field be 
tween said electrodes, whereby, in accordance with fre 
quency and direct voltage adjustment, ions of a given mass 
can pass to the collector electrode; shielding means be 
tween the field electrodes and the cold ion source, and 
between the collector and the field electrodes; the effective 
length of the field electrodes being such that the ion travel 
distance within said guiding field is of the same order of 
magnitude as the mean free path of the ions in the ap 
paratus, in the working pressure range thereof; said cold 
ion source providing an ion exit speed at which the mini 
mum oscillatory frequency of the ions in the periodic 
field is about equal to 3.5 times the square root of the 
resolving power of the apparatus, the resolving power 
being defined as the ratio in/Ani, wherein m is the mass 
of the ions to be collected and Ain is the mass difference 
relative to the other ions which can still be separated 
from those to be collected. 

2. The apparatus defined in claim 1, the electropotential 
p having the following form: 

U-V sin act.y'-s' 
(p= 2 2 

3. Mass-spectroscopical gas analyzing apparatus, for 
separating ions of respectively different specific electric 
charges, by causing ions to assume oscillations having 
amplitudes correlative with their specific charges; com 
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6 
prising a structure providing an evacuable chamber and 
having a duct for communicating said chamber with a 
vacuum space under observation; a cold-type ion source 
and a collector electrode axially spaced from each other 
in said chamber; two pairs of cylindrical field electrodes 
extending lengthwise in said chamber between said source 
and said collector electrode in symmetrical and radially 
spaced relation to the common axis thereof; electric-field 
excitation means connected across said respective pairs of 
field electrodes and having a component direct voltage U 
and a component high-frequency voltage of amplitude 
V, to provide a resultant periodic cylinder-symmetrical 
electric field between said electrodes in which the electric 
potential p has the following form: 

U-V sin ot.J-2 p=s 2 2 

shielding means between the field electrodes and the cold 
ion source, and between the collector and the field elec 
trodes; the effective length of the field electrodes being 
such that the ion travel distance between said source and 
said collector electrode is of the same order of magnitude 
as the mean free path of the ions in the working pressure 
range of the apparatus; said cold ion source providing 
an ion exit speed at which the minimum oscillatory fre 
quency of the ions in the periodic field is about equal to 
3.5 times the square root of the resolving power of the 
apparatus, the resolving power being defined as the ratio 
mi/Ann, wherein m is the mass of the ions to be collected 
and Ann is the mass difference relative to the other ions 
which can still be separated from those to be collected. 

4. Mass-spectroscopical gas analyzing apparatus, for 
separating ions of respectively different specific electric 
charges by causing ions to assume oscillations having 
amplitudes correlative with their specific charges; coin 
prising a structure providing an evacuable chamber and 
having a duct for communicating said chamber with a 
vacuum space under observation; a cold-type ion source 
and a collector electrode axially spaced from each other 
in said chamber, the cold-type ion source operating on 
the oscillating-ion principle whereby gas molecules are 
ionized, comprising a magnetic-field device, a hollow anode 
in said magnetic field, and opposed cathodes between 
which the anode is located; two pairs of cylindrical field 
electrodes extending lengthwise in said chamber between 
said source and said collector electrode in symmetrical 
and radially spaced relation to the common axis thereof; 
electric-field excitation means connected across said re 
spective pairs of field electrodes and having a component 
direct voltage U and a component high-frequency voltage 
of amplitude V, to provide a resultant periodic cylinder 
symmetrical electric field between said electrodes in which 
the electric potential p has the following form: 

U-V sin ot.y'-3' 
per 2 2 

shielding means between the field electrodes and the cold 
ion Source, and between the collector and the field elec 
trodes; the effective length of the field electrodes being 
such that the ion travel distance between said source and 
said collector electrode is of the same order of magnitude 
as the mean free path of the ions in the working pressure 
range of the apparatus; said cold ion source providing an 
ion exit speed at which the minimum oscillatory fre 
quency of the ions in the periodic field is about equal to 
3.5 times the square root of the resolving power of the 
apparatus; the resolving power being defined as the ratio 
m/Ann, wherein n is the mass of the ions to be collected 
and Ann is the mass difference relative to the other ions 
which can be still be separated from those to be collected. 

5. The apparatus defined in claim 4, and accelerating 
electrode means and a diaphragm in said chamber for 
passing ions from said source toward said field electrodes 



8,075,076 
7 

and collector electrode, the diaphragm comprising said 
shielding means between the field and collector electrodes. 

6. Mass-spectroscopical gas analyzing apparatus, for 
separating ions of respectively different specific electric 
charges by causing ions to assume oscillations having 
amplitudes correlative with their specific charges, com 
prising a structure providing an evacuable chamber and 
having a duct for communicating with a vacuum space 
under observation, a cold-type ion source, a collector 
electrode spaced from said ion source in said chamber, 
field electrode means in said housing between said source 
and said collector electrode for producing a cylinder 
symmetrical electric field, and electric-field excitation 
means connected to said field electrode means for supply 
ing a component direct voltage and a component high 
frequency voltage of adjustable frequency, to provide a 
resultant cylinder-symmetrical electric periodic guiding 
field between said electrodes, the electropotential p 
thereof being of the following form: 

U-V sin ot.y'-2' 
pr: 2 r2 

whereby, in accordance with frequency adjustment, ions 
of a given mass can pass to the collector electrode; the 
ion travel distance within said guiding field being of the 
same order of magnitude as the mean free path of the 
ions in the apparatus, in the working pressure range 
thereof; said cold ion source providing an ion exit speed 
at which the minimum oscillatory frequency of the ions 
in the periodic field is about equal to 3.5 times the square 
root of the resolving power of the apparatus, the resolv 
ing power being defined as the ration/Ann, wherein m is 
the mass of the ions to be collected and Am is the mass 
difference relative to the other ions which can still be 
separated from those to be collected. - 

7. The method of separating gas ions of respectively 
different, specific electric charges in vacuum, by causing 
gas ions of respectively different specific electric charges 
to assume oscillations having amplitudes correlative with 
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3. 
said charges, which comprises passing the ions through 
an electric field having a field potential 

U--V sincet f-22 p=--- 
said field being a cylindrically symmetrical electric field 
having a high-frequency component of adjustable fre 
-quency and a direct field component imposed by a direct 
current voltage, whereby, in accordance with frequency 
and direct current voltage adjustment, ions of a given 
specific electric charge are directed on a path, for collec 
tion thereof, maintaining said ion path at a length corre 
sponding to the mean free path of the ions in the desired 
working pressure range, and accelerating the ions from 
the source prior to their entering the electric field to a 
speed at which the minimum number of possible oscilla 
tions of the ions in the field is about equal to 3.5 times 
the square root of the required mass resolving power, the 
resolving power being defined as the ration/Ann, where 
in in is the mass of the ions to be collected and An is the 
mass difference relative to the other ions which can still 
be separated from those to be collected. 

8. The method of analyzing gas in vacuum according 
to claim 7, which comprises preventing faster ions from 
passing from the ion source into the electric field. 

9. The method defined in claim 7, the said gas ions 
being derived by passing a gas being tested through a 
cold ionizing step in which the gas molecule is collided 
with oscillating electrons. 
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